Both the (17R)-and (17S )-isomers of volicitin, which is contained in the oral secretion of the beet armyworm and induces corn seedlings to emit a blend of volatile compounds to attract the natural enemy of the herbivore, were synthesized via the semi-hydrogenation of an intermediary diyne and (Z )-selective oleˆnation as the key steps. They were both obtained as crystalline compounds.
Volicitin (1a) was isolated by Alborn et al. in 1997 from the oral secretion of beet armyworm caterpillars (Spodoptera exigua H äuber) as an elicitor which induces corn seedlings (Zea may L.) to release a mixture of volatile terpenoids and indole when the plant is damaged by the insect herbivore ( Figure) . 1, 2) The mixture plays the role of attracting the parasitic wasp (Cotesia marginiventris), a natural enemy of the caterpillar, resulting in the indirect protection of the plant from attack by the herbivore. Alborn et al. also accomplished the synthesis of a mixture of (17R)-and (17S )-1a via coupling racemic 17-hydroxylinolenic acid (7d) with either a protected or unprotected L-glutamine, which resulted in the conˆrmation of the proposed structure, excluding the stereochemistry of its 17-hydroxyl group. 1, 2) Since then, two research groups have reported synthetic works on volicitin. One group made use of a highly e‹cient one-pot double-Wittig approach for the preparation of both (R)-and (S )-7a. 3, 4) Each of the esters was hydrolyzed to give (R)-or (S )-7b, which was then converted into (17R)-or (17S )-volicitin (1a), respectively, by coupling with L-glutamine and subsequent removal of the TBS-protecting group. The absolute conˆgura-tion of the C-17 stereogenic center of volicitin as depicted in the Figure was determined quite recently by transforming (R)-and (S )-7c into the corresponding cabamates with a treatment by (R)-1-phenyethyl isocyanate. The GLC-retention times of the resulting diastereomeric carbamates were then compared with that of a carbamate sample derived in the same manner from the methanolysis product of natural volicitin.
5) The other group reported later a formal synthesis of (17RS )-1a by preparing (±)-7d, a synthetic precursor of (17RS )-1a described by Alborn et al., in which semi-hydrogenation of a triene intermediate was employed as the key step to obtain (±)-7d. 6) Although the absolute conˆguration of volicitin has already been established to be 17S, we describe here our synthesis of both (17R)-and (17S )-volicitin, together with the experimental details. Known acetylenic ester 2 6) was coupled with iodide 3b, which had been obtained by treating the corresponding alcohol (3a) 7) with iodine, imidazole, and triphenylphosphine in tetrahydrofuran, to give 4 in an 85z yield. Catalytic semi-hydrogenation of the diyne in the presence of the Lindlar catalyst gave 5a, the (tetrahydropyran-2-yl)oxy group of which was then substituted with bromine by Tanaka's method 8) to directly give bromide 5b. Repeated chromatographic puriˆcation of this crude bromide enabled us to obtain geometrically pure (9Z,12Z )-5b, as judged by 13 C-NMR. The bromide (5b) was converted into the corresponding phosphonium salt (5c), which was then subjected to (Z )-selective Wittig oleˆnation 9) with both enantiomers of aldehyde 6.
10,11) The resulting triene products were repeatedly chromatographed over silica gel to give 13 C-NMR spectroscopically pure (R)-and (S )-7a. In order to determine their enantiomeric excess, the TBS ethers were separately treated with tetrabutylammonium ‰uoride and then with (S )-MTPACl to give the corresponding diastereomeric MTPA-esters. A 1 H-NMR analysis revealed both of them to be optically pure. The enantiomeric esters, (R)-7a and (S )-7a, were hydrolyzed with lithium hydroxide in THF to respectively aŠord (R)-7b and (S )-7b, which were condensed with Lglutamine via the corresponding mixed anhydrides (7e). Finally, the TBS protecting group of the resulting amides (1b) was removed to aŠord (17R)-volicitin s mp 86. 5 [a]D 22 +39(c＝0.82, CH2Cl2)tas crystals in both cases. Probably due to their crystalline nature, our synthetic samples did not dissolve very well in dichloromethane which had been used for measuring the speciˆc rotation values of volicitins synthesized by Pohnert et al. Therefore, methanol was used for this measurement instead of dichloromethane in our case. Unfortunately, the melting point of our synthetic (17S )-1a does not seem to be accurate, because of the presence of a small amount of impurities which could not be removed, even by reverse-phase chromatography and recrystallization. The 1 H-and 13 C-NMR spectra of (17R)-volicitin were indistinguishable from those of (17S )-volicitin, and were identical with authentic spectra kindly supplied by Dr. Pohnert.
Experimental
IR spectra were measured asˆlms by a Jasco FT W IR-5000 spectrometer.
1 H-NMR (500 MHz) and 13 C-NMR (125 MHz) spectra were recorded with TMS as an internal standard in CDCl3 by a JEOL JNM-A500 spectrometer, unless otherwise stated. Optical rotation values were measured with a Jasco DIP-370 polarimeter. Tetrahydrofuran was puriˆed by distilling from sodium benzophenone ketyl, and dichloromethane was puriˆed by drying with P 2 O 5 and then by distillation from CaH2. Merck silica gel 60 (70-230 mesh) was used for silica gel column chromatography.
Methyl 9-decynoate (2). This acetylenic ester was prepared by modifying the literature procedure. 6) Potassium hydride (35z in mineral oil, 0.970 g, 8.46 mmol) was washed three times with pentane under a nitrogen atmosphere. It was then mixed with trimethylene diamine (8 ml) in a reaction vessel cooled with a water bath, and the mixture was stirred at room temperature for 1 h. To the solution was added dropwise 3-decyn-1-ol (0.500 ml, 2.84 mmol) while cooling with the water bath. After being stirred for 2 h, the reaction mixture was quenched by adding ethanol (0.98 ml). The mixture was poured into sat. NH4Cl aq. and extracted with ether. The ethereal solution was successively washed with water and brine, dried (MgSO4), and concentrated in vacuo. The residue was chromatographed over silica gel (16 g, hexane-ethyl acetate, 6:1) to give 0.393 g (79z) of 9-decyn-1-ol. To a stirred solution of this alcohol (3.46 g, 22.4 mmol) in acetone (70 ml) was added dropwise the Jones reagent (2.67 M, 12.3 ml, 32.8 mmol) at 09 C. After 2 h, the reaction mixture was quenched with 2-propanol (2 ml), diluted with water (70 ml) and concentrated in vacuo. The residue was diluted with water and extracted with ether. The ethereal solution was successively washed with water and brine, and then concentrated again in vacuo. The residue was dissolved in ether and extracted with KOH aq. (2 M, 18 ml). After acidiˆcation with HCl aq. (12 M), the water layer was extracted with ether. The ethereal solution was successively washed with water and brine, dried (MgSO 4 ), and concentrated in vacuo to give 3.15 g (83z) of crude 9-decynoic acid. A mixture of this carboxylic acid (3.45 g, 20.5 mmol) and conc. H2SO4 (0.1 ml) in anhydrous methanol (10 ml) was stirred for 1 h at room temperature. The reaction mixture was then quenched with NaHCO 3 powder (0.82 g) and concentrated in vacuo. The residue was diluted water and extracted with ether. The ethereal solution was successively washed with water and brine, dried (MgSO4), and concentrated in vacuo. The residue was distilled under reduced pressure to give 3.28 g (87.6z) of 2, bp 86-879 C (2 Torr). The IR and 1 H-NMR spectral data were identical with those reported in the literature. [(3Z,6Z)-14-Methoxycarbonyl-3,6-tetradecadienyl] triphenylphosphonium bromide (5c). A mixture of 5b (1.03 g, 3.11 mmol) and triphenylphosphine (0.817 g, 3.11 mmol) in acetonitrile (11 ml) was stirred at re‰ux for 120 h under a nitrogen atmosphere and then concentrated in vacuo. The residue was dissolved in acetonitrile (2 ml), before dry ether (10 ml) was added to the solution while stirring to give a two-phase mixture. The supernatant solution containing unreacted triphenylphosphine was removed. This treatment was repeated 3 times, and the residue was concentrated in vauo to give 1.75 g (95z) of 5c as a sticky oil. IR nmax cm Methyl (9Z,12Z,15Z,17S)-17-(tert-butyldimethylsilyloxy)-9,12,15-octadecatrienoate [(S)-7a]. In the same manner as that described for the preparation of (R)-7a, 5c (396 mg, 0.668 mmol) was allowed to react with aldehyde (S )-6 (147 mg, 0.781 mmol) to give 144 mg (51z) of (S )-7a, [ 13 C-NMR spectra were identical with those of (R)-7a.
Determination of the enantiomeric excesses of (R)-7a and (S)-7a. Two milligrams (6.4 mmol) of (R)-7c, easily obtainable by treating (R)-7a with a 1 M solution of tetrabutylammonium ‰uoride in THF, was dissolved in pyridine (25 ml), and (S )-MTPACl (5.0 ml, 27 mmol) was added. The mixture was stirred for 12 h at room temperature, and then diluted with ether. The ethereal solution was successively washed with sat. CuSO4 aq., water and brine, dried (MgSO4), and concentrated in vacuo to give the (R)-MTPAester of (R)-7c. In the same manner, (S )-7c was treated with (S )-MTPACl to give the (R)-MTPA-ester of (S )-7c. These MTPA-esters were analyzed by 1 H-NMR (500 MHz, CDCl3) without any puriˆcation. A doublet signal due to the terminal methyl of the MTPA-ester derived from (R)-7c appeared at 1.33 ppm (J＝6. 5 Hz) , while in the NMR spectrum of the MTPA-ester derived from (S )-7c, the doublet was observed at 1.40 ppm (J＝6. 5 Hz) . In each spectrum, no doublet signal due to the terminal methyl group of the diastereomer of the MTPA-ester was observed. Therefore, both (R)-7a and (S )-7a were evaluated to be optically pure. 
To a stirred solution of (R)-7b (139 mg, 0.341 mmol) and triethylamine (57.0 ml, 0.409 mmol) in THF (2.4 ml) was added pivaloyl chloride (45.6 ml, 0.370 mmol) at 09 C. After being stirred for 2 h at the same temperature, the mixture was quicklyˆltered and theˆlter cake was washed with THF (2.5 ml). The combinedˆltrate and washings containing mixed anhydride 7e were diluted with 1,4-dioxane (2.2 ml) and used as the acylating agent in the next operation. Meanwhile, to a stirred solution of L-glutamine (99.4 mg, 0.680 mmol) in water (0.8 ml) was added triethylamine (95.0 ml, 0.682 mmol) at room temperature, and the mixture was stirred for 2 h. To the resulting solution was added the solution of (R)-7e prepared as already described at room temperature. After 20 min, triethylamine (48.0 ml, 0.344 mmol) was added again to the mixture, and stirring was continued for 4 h at room temperature. The mixture was adjusted to pH 3 with dil. HCl aq., poured into water and extracted with dichloromethane. The organic layer was washed with brine, dried (MgSO4), and concentrated in vacuo to give 161 mg of crude (17R)-1b. To a stirred solution of this crude (17R)-1b (80.0 mg, 0.149 mmol) in acetonitrile-THF (1:1, 1 ml) was added a 46z aqueous solution of HF (0.1 ml), and the mixture was stirred for 30 min at room temperature. The mixture was poured into water and extracted with dichloromethane. The organic layer was washed with brine, dried (MgSO4), and concentrated in vacuo. The residue was chromatographed over silica gel [12 g, successively eluting with dichloromethane, dichloromethane-methanol (4:1) andˆnally dichloromethane-methanol (2:1)] to give 38.2 mg (53z in 2 steps) of (17R)-1a as a microcrystalline solid, which was further puriˆed by recrystallization from acetonitrile to give 23.9 mg of pure (17R)-1a, mp 86. 1a, volicitin] . In the same manner as that described for the preparation of (17R)-1a, (S )-7b (68.0 mg, 0.160 mmol) was converted into 99.4 mg of crude (17S )-1b, a portion (97.0 mg) of which was then transformed into 31.7 mg (46z in two steps) of (17S )-1a, mp 54-619 C, [a]D 21 +6.69 (c＝0.80, methanol). The IR, 1 H-and 13 C-NMR spectra of (17S )-1a were indistinguishable from those of (17R)-1a.
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